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SHEET-SUPPLY DEVICE AND PRINTING DEVICE INCLUDING THE SAME 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The invention relates to a sheet-supply device that supplies sheets, one by 
one, from a stack of sheets held in an inclined position by a hopper portion, by rotation of a 
sheet-supply roller and a printing device including the sheet-supply device. More 
particularly, the invention pertains to a sheet-supply device that can smoothly convey a last 
one sheet in a direction reverse to a sheet feed direction without any interference. 

2. Description of Related Art 

[0002] Typically, various recording devices, such as printers and facsimile 
machines, include a sheet-supply device that supplies sheets, which are held by a hopper 
portion, one by one, by rotation of a sheet-supply roller. Two types of sheet-supply devices 
are practical in use. One type of sheet-supply device holds a plurality of sheets in a 
horizontal position, and another type of the sheet-supply devices holds a plurality of sheets in 
an inclined position. Recently, the latter type of sheet-supply device has been mostly adopted 
to save installation space. The inclined-type sheet-supply device is generally provided with a 
friction pad having a high coefficient of friction, near a lower end of an inclined wall that 
supports the sheets loaded thereon from their underside. 

[0003] That is, because a multi-feed problem (two or more sheets are supplied at a 
time) often occurs during a sheet feed operation when the amount of remaining sheets is low, 
the friction pad is provided under the sheets pressed by the sheet-supply roller. By doing so, 
a lowermost sheet, which contacts the friction pad, is prevented from moving in a sheet feed 
direction due to the frictional resistance produced by the friction pad. In addition, sheets, 
except a topmost sheet, are also prevented from moving in the sheet feed direction because of 
a frictional resistance between adjacent sheets. Thus, only the topmost sheet, contacting the 
sheet-supply roller, is separated and supplied from the stack of sheets. Therefore, as 
described above, the multi-feed problem can be prevented. 

[0004] In the sheet-supply device, the fed sheet is further conveyed by a pair of 
conveyor rollers, which are provided downstream of the sheet-supply device, to a recording 
unit, which is provided downstream of the conveyor rollers in the sheet feed direction. 
Commonly, any deviation of the sheet is corrected by the conveyor rollers. Although a drive 
mechanism is also involved in the correction of a sheet deviation, explanations for the 
correction are given without describing the operation of the drive mechanism. The correction 
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is generally performed as described below. One method is that a sheet, which is supplied 
from the sheet-supply device, is thrust against the conveyor rollers so that a leading edge of 
the sheet contacts a nip point of the conveyor rollers and becomes bent when the conveyor 
rollers are not rotated, and thereafter the conveyor rollers are rotated to correct the deviation 
of the sheet. 

[0005] Another method is as described below. A sheet is supplied by the sheet- 
supply device while a pair of conveyor rollers are being rotated. After a leading edge of the 
sheet is pinched by the pair of conveyor rollers, the rotation of the conveyor rollers is 
stopped. Then, the conveyor rollers are rotated in a direction reverse to the sheet feed 
direction until the leading edge of the sheet becomes free from the pinching of the conveyor 
rollers. Upon the disengagement of the leading edge of the sheet from the conveyor rollers, 
the reverse rotation of the conveyor rollers is stopped. Then, again, the conveyor rollers are 
rotated in the direction to feed the sheet to correct the deviation of the sheet. 

[0006] The former method requires a drive mechanism that can separately perform 
the sheet feed operation and the driving of the conveyor rollers. The latter method requires a 
sheet feed mechanism that can convey a sheet in the reverse direction toward the hopper 
portion. 

[0007] As described above, the friction pad, which applies a frictional resistance to 
the sheets, is fixedly provided near the lower end of the inclined wall in order to prevent the 
multi-feed problem when the amount of remaining sheets is low. However, due to types 
and/or sizes of sheets to be loaded, the friction pad may not apply a sufficient frictional 
resistance to the sheets to avoid the multi-feed problem. 

[0008] In addition, the friction pad slightly protrudes from an upper surface of the 
inclined wall in order to effectively apply its frictional resistance to the sheets. In a case 
where a small-sized rigid sheet, such as a postcard, is supplied from the sheet-supply device 
and its deviation is corrected by the latter method described above, the sheet may pass over 
the friction pad or a trailing edge of the sheet barely contacts the friction pad. When the 
conveyor rollers are rotated in the reverse direction to feed the sheet back from this condition, 
the trailing edge of the sheet may dig into the friction pad or the sheet may be caught between 
the sheet-supply roller and the friction pad with a result of being bent into a V-shape. 

[0009] As a result, a static friction with respect to the small sheet by the sheet- 
supply roller and the friction pad becomes large, so that various problems occur. For 
example, a sheet fed back in the reverse direction is bent because the sheet cannot be stably 
conveyed in the reverse direction, and a printing area is shifted toward the trailing edge of the 
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sheet because the small sheet cannot be precisely conveyed in the reverse direction by a 
predetermined amount. 

SUMMARY OF THE INVENTION 

[0010] The invention provides a sheet-supply device that can smoothly convey a 
last sheet in a direction reverse to a sheet feed direction and surely prevents the supply of two 
or more sheets at a time from a stack of sheets held by a hopper portion. 

[0011] According to one aspect of the invention, a sheet-supply device includes a 
hopper portion that has an inclined wall for holding a stack of sheets in an inclined position 
and a lower edge receiving portion for receiving lower edges of the sheets, a sheet feed 
mechanism that includes a sheet-supply roller for supplying a topmost sheet from the stack of 
sheets loaded on the hopper portion, and a first friction member that is provided at a position 
near a lower end of the inclined wall of the hopper portion and corresponding to a position 
where the sheet-supply roller is provided, slidably along the inclined wall between a normal 
position where the friction member is located during a normal sheet feed operation, and a 
second position upstream of the normal position in the sheet feed direction. 

[0012] With this structure, the lower edges of the sheets held by the hopper portion 
are received by the lower edge receiving portion and the sheets are supplied one by one by 
the sheet-supply roller of the sheet feed mechanism. The first friction member is provided at 
the position near the lower end of the inclined wall and corresponding to the sheet-supply 
roller of the hopper portion. Therefore, even when an amount of remaining sheets is low, the 
frictional resistance of the first friction member acts on the sheets except a topmost sheet, 
whereby only the topmost sheet is separated and supplied from the stack. Accordingly, a 
multi-feed problem is surely prevented in the sheet-supply device. 

[0013] When a small-sized sheet, such as a postcard, is supplied from the sheet- 
supply device and its deviation is corrected, the trailing edge of the sheet may pass over the 
first friction member in the sheet-supply device. However, in the sheet-supply device, the 
first friction member slides upward from the normal position in accordance with a reverse 
sheet feed operation, so that a trailing edge of the sheet and the first friction member do not 
move relative to each other while the small sheet is conveyed in a direction reverse to the 
sheet feed direction. As a result, a frictional resistance due to the relative movement of the 
small sheet and the first friction member is not caused, whereby the small sheet can be 
smoothly conveyed in the reverse direction. 

[0014] The first friction member may include a pad portion having a relatively high 
coefficient of friction and a base portion having a relatively low coefficient of friction. 
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Because the base portion has a low frictional coefficient, the base portion can smoothly slide 
along the inclined wall. In addition, because the pad portion has a high frictional coefficient, 
friction applied to movement of the sheet contacting the pad portion during the sheet feed 
operation becomes large, thereby surely preventing the multi-feed problem during the sheet 
feed operation. 

[0015] A frictional coefficient (j, of the pad portion is such that: frictional 
coefficient between adjacent sheets < \i < 1.0. In this case, the frictional force, which is 
larger than the frictional coefficient between adjacent sheets (approximately 0.6), acts on a 
lowermost sheet contacting the pad portion and, thus, the substantially same frictional 
resistance is produced between adjacent sheets except the topmost sheet. Accordingly, the 
multi-feed problem is prevented, whereby only the topmost sheet is separately supplied from 
the stack of sheets as the rest of the sheets are surely held by the inclined wall, even when the 
amount of sheets is low. 

[0016] The slidable distance of the first friction member may be longer than or 
equal to a distance that the fed sheet is conveyed upstream in the sheet feed direction after a 
trailing edge of the sheet is released from the sheet-supply roller in the sheet feed operation. 
With this structure, when the sheet is conveyed in the reverse direction by the predetermined 
distance toward upstream in the sheet feed direction in accordance with a start of printing on 
the fed sheet, the sheet can be stably conveyed in the reverse direction because the pad 
portion can slide upward by a sufficient distance. 

[0017] The sheet-supply device may include a second friction member that is 
provided to the inclined wall and at a position higher than the position where the first friction 
member is provided. With this structure, the multi-feed problem can be further surely 
prevented in cooperation with the downstream first friction member and the upstream second 
friction member, even when there is a high possibility that the multi-feed problem occurs due 
to the size or type of the sheets to be supplied. 

[0018] The sheet-supply device may further include a print head and a detecting 
unit that detects a leading edge or a width of a fed sheet. The slidable distance of the first 
friction member may be equal to a distance between a point where a print head starts printing 
and a point where the detecting unit detects the leading edge of the sheet. Accordingly, when 
the fed sheet is conveyed in the reverse direction by the predetermined distance toward 
upstream in the sheet feed direction, so that the sheet reaches the print start point after the 
leading edge of the sheet is detected by the detecting unit, the sheet can be stably conveyed in 
the reverse direction because the pad portion can slide upward by the sufficient distance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] An embodiment of the invention will be described in detail with reference to 
the following figures wherein: 

[0020] FIG. 1 is a perspective view of a multifunctional apparatus according to one 
embodiment of the invention; 

[0021] FIG. 2 is a schematic perspective view of a sheet-supply device; 

[0022] FIG. 3 is a partially cutaway plan view of a bottom plate of a hopper portion; 

[0023] FIG. 4 is a perspective view of a separating pad and a leaf spring member 
that supports the separating pad; 

[0024] FIG. 5 is a vertical sectional view showing essential parts of the hopper 
portion and stopper members; 

[0025] FIG. 6 is a partially enlarged view showing a regulating surface of each of 
the stopper members; 

[0026] FIG. 7 is a plan view taken along a line 7-7 of FIG. 5 when viewed in a 
direction indicated by arrows; 

[0027] FIG. 8 is a block diagram of a control system including a sheet position 
control device; 

[0028] FIG. 9 is a sectional side view showing essential parts of a sheet feed 
mechanism, a position change mechanism, and the stopper members in a standby state of the 
sheet-supply device; 

[0029] FIG. 10 is a diagram showing an operation of a sheet feed operation 
mechanism when the stopper members are moved up and down; 

[0030] FIG. 1 1 is a schematic side view of the sheet-supply device and a printing 

unit; 

[0031] FIG. 12 is a sectional side view showing essential parts of the sheet feed 
mechanism, the position change mechanism, and the stopper members when the sheet feed 
operation starts; 

[0032] FIG. 13 is a diagram showing an operation of the sheet feed operation 
mechanism when the sheet feed operation starts; 

[0033] FIG. 14 is a sectional side view showing essential parts of the sheet feed 
mechanism, the position change mechanism, and the stopper members in process of the sheet 
feed operation; 

[0034] FIG. 1 5 is a diagram showing an operation of the sheet feed operation 
mechanism when the stopper members are ascended; 
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[0035] FIG. 16 is a sectional side view showing essential parts of the sheet feed 
mechanism, the position change mechanism, and the stopper members when the stopper 
members are moved up and down several times; 

[0036] FIG. 17 is a sectional side view showing essential parts of the sheet feed 
mechanism, the position change mechanism, and the stopper members in a condition where 
sheets are positioned at a predetermined sheet holding position; 

[0037] FIG. 18 is a sectional side view showing essential parts of the sheet feed 
mechanism, the position change mechanism, and the stopper members in process of the sheet 
feed operation when the amount of remaining sheets is low; 

[0038] FIG. 19 is a schematic side view of the sheet-supply device and the printing 
unit when a small-sized sheet is being conveyed in a direction reverse to a sheet feed 
direction; 

[0039] FIG. 20 is a sectional side view showing essential parts of the sheet feed 
mechanism, the position change mechanism, and the stopper members when the sheet is 
being conveyed in the reverse direction; 

[0040] FIG. 21 is a rear perspective view of a hopper portion according to a 
variation of the embodiment; 

[0041] FIG. 22 is a front perspective view of an inclined wall of the hopper portion; 

[0042] FIG. 23 is a rear perspective view of the inclined wall of the hopper portion; 

and 

[0043] FIG. 24 is a sectional side view showing essential parts of the sheet feed 
mechanism, the position change mechanism, and the stopper members, including the hopper 
portion of the variation of the embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0044] An embodiment of the invention will be described with reference to the 
accompanying drawings. 

[0045] In this embodiment, the invention is applied to a sheet-supply device of a 
multifunctional apparatus that has a printing function, a copying function, a scanning 
function, a facsimile function, and a telephone function. However, it is applicable to any 
printing device having an inclined sheet hopper. 

[0046] As shown in FIG. 1, a multifunctional apparatus 1 includes a sheet-supply 
device 2, a document reading device 3, and an ink-jet printing device 4. The right and left 
sides of the multifunctional apparatus 1 are defined as right and left, respectively, when 
viewed from the front of the multifunctional apparatus 1 . The sheet-supply device 2 is 
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provided in the rear of the multifunctional apparatus 1. The document reading device 3, 
which performs the copying and facsimile functions, is provided in front of the sheet-supply 
device 2 and above the ink-jet printing device 4. The ink-jet printing device 4, provided 
below the document reading device 3, has a sheet output table 5 for receiving printed sheets, 
in its front. 

[0047] The sheet-supply device 2 will be described with reference to FIGS. 2, 3, 5, 
9, and 10. The sheet-supply device 2 includes a hopper portion 10 that holds a plurality of 
sheets in an inclined position, a sheet feed mechanism 1 1 that includes a sheet-supply roller 
37, a pair of stopper members 12 provided in a bottom plate 21 of the hopper portion 10 so as 
to movable up and down, a position change mechanism 13 that changes a position of the 
stopper members 12 between a protruding position and a retracted position, a sheet feed 
operation mechanism 14 that drives the position change mechanism 13 and the sheet-supply 
roller 37 at the same time, and a sheet position control device 15. 

[0048] The hopper portion 10, which is made of synthetic resin, includes an 
inclined wall 20, the bottom plate 21, and side walls 22, 23. The inclined wall 20 holds a 
stack of sheets in an inclined position. The bottom plate 21 receives lower (leading) edges of 
the sheets held by the inclined wall 20. The inclined wall 20 and the bottom portion 21 are 
connected with each other via the side walls 22, 23. A sheet guide plate 24 is detachably 
attached to an upper portion of the inclined wall 20. A pair of guide members 25, 26 are 
provided to the inclined wall 20 to guide side edges of the sheets P in a sheet width direction. 
The guide members 25, 26 are separately and symmetrically provided so as to move in the 
sheet width direction in synchronization with each other. The structure of the guide members 
25, 26 is well known, so that a detailed description of the guide members 25, 26 is omitted. 

[0049] As shown in FIG. 5, a first friction member 27, which can slide in the up and 
down directions, is provided at a position corresponding to the sheet-supply roller 37 and 
near the middle in the right and left direction of the lower end of the inclined wall 20, in order 
to prevent two or more sheets, including a lowermost sheet, from being fed at a time (a multi- 
feed problem), when the amount of remaining sheets is low. The first friction member 27 
normally locates at a normal position which is a downstream position in a sheet feed direction 
Q, under its own weight, during, for example, the sheet feed operation. The first friction 
member includes a pad portion 27a and a base portion 27b. 

[0050] As shown in FIG. 7, a substantially T-shaped cutaway portion 20k is 
provided in a projected portion 20h of the inclined wall 20. The base portion 27b is 
supported in the cutaway portion 20k so as to slide in the up and down directions. The plate- 
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shaped pad portion 27a, which is made of corkrubber (the mixture of cork and rubber) having 
a high coefficient of friction, is adhered to an upper surface of the base portion 27b. 

[0051] In the embodiment, a frictional coefficient ja of the pad portion 27a is higher 
than or equal to a frictional coefficient between adjacent sheets (approximately 0.6) and 
lower than or equal to 1.0 (frictional coefficient between adjacent sheets < |u < 1.0), which is 
a relatively high value relative to the base portion 27b. The base portion 27b has a relatively 
low coefficient of friction. As shown in FIG. 20, the first friction member 27 can slide 
upward in the sheet feed direction Q, along the inclined wall 20, from the normal position 
shown in FIG. 5. 

[0052] In addition, a rectangular second friction member 28 is provided to the 
inclined wall 20 and at a position higher than the position where the first friction member 27 
is provided. The second friction member 28, which is made of corkrubber having a high 
coefficient of friction, extends in the up and down direction in order to prevent the multi-feed 
problem in cooperation with the first friction member 27. The first and second friction 
members 27, 28 slightly project from the upper surface of the inclined wall 20 so as to be 
able to apply their frictional resistance to a lowermost sheet in the stack of sheets P held by 
the hopper portion 10. 

[0053] That is, when the amount of remaining sheets P is low, the sheet-supply 
roller 37 presses the sheets P against the first friction member 27, so that the first friction 
member 27 can effectively apply its frictional resistance to the sheets P. When the amount of 
remaining sheets P is high, a lowermost sheet P is also pressed against the second friction 
member 28 under the weight of the sheets P, so that the frictional force of the second friction 
member 28 can effectively act on the lowermost sheet P. Thus, an avalanche/slippage of the 
sheets P in the sheet feed direction Q is prevented. 

[0054] The sheet feeding mechanism 1 1 will be described below. As shown in 
FIGS. 2 and 9, a sheet feed shaft 31, extending in the right and left direction, is rotatably 
supported at each end by a respective one of the side walls 22, 23. The sheet feed shaft 3 1 is 
inserted into the sheet feed mechanism 1 1 to support the sheet feed mechanism 1 1 at a 
substantially middle portion of the sheet feed shaft 31 in the right and left directions. A spiral 
spring 32 is externally attached to the sheet feed shaft 31 so that the sheet feed mechanism 1 1 
is elastically urged toward the inclined wall 20 at all times. In the sheet feed mechanism 11, 
a drive gear 33 fixed to the sheet feed shaft 3 1 , a planet gear 34 engaged with the drive gear 
33, a following gear 35, and a sheet feed gear 36 engaged with the following gear 35 are 
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rotatably provided in a case 30. The sheet feed gear 36 is partially exposed to the outside of a 
case 30 that encloses the gears. 

[0055] The sheet-supply roller 37, made of rubber, is integrally fixed to the sheet 
feed gear 36. Thus, the sheet-supply roller 37 presses the lower portions of the sheets P 
toward the first friction member 27, i.e. the inclined wall 20, by a force from the spiral spring 
32. That is, in the case 30, the drive gear 33 is fixed to the sheet feed shaft 31 and the planet 
gear 34 engaged with the drive gear 33 is rotatably supported by an end of a plate-shaped 
swing member 38, which is externally inserted onto the sheet feed shaft 31 and has a slide 
resistance, i.e., is fixed, with respect to the sheet feed shaft 31 to rotate therewith. When the 
planet gear 34 is swung to a lower connecting position (see FIG. 14) by the swing member 
38, the planet gear 34 engages the following gear 35. 

[0056] In FIG. 9, when the sheet feed shaft 3 1 rotates in the clockwise direction, the 
swing member 38 is swung upward by the rotation of the sheet feed shaft 31, thereby 
disengaging the planet gear 34 from the following gear 35. When the sheet feed shaft 3 1 
rotates in the counterclockwise direction, the swing member 38 swings downward and the 
planet gear 34 engages the following gear 35, thereby feeding sheets P, one by one, by the 
rotation of the sheet-supply roller 37 in the clockwise direction. The sheet-supply roller 37 is 
elastically urged toward the sheets P at all times by the force from the spiral spring 32. The 
front of the sheet feed mechanism 1 1 and the hopper portion 10 is covered with a protection 
cover 6. 

[0057] The pair of stopper members 12 and the position change mechanism 13, that 
changes the position of the stopper members 12, will be described with reference to FIGS. 2, 
3, and 5. The bottom plate 21 is provided with a cutaway portion at the middle to place a 
sheet separating member 40 therein. The sheet separating member 40 is a separated part from 
the bottom plate 21. Slits 40a, extending in the front to rear direction, are formed in the 
bottom plate 21 and on both side areas of the sheet separating member 40. The stopper 
members 12 are provided in the slits 40a, respectively, so as to move up and down between 
the protruding position and the retracted position. 

[0058] Each of the stopper members 12 has a saw-toothed regulating surface 12a as 
shown in FIG. 6. The regulating surface 12a has a plurality of sawteeth, each of which has a 
predetermined opening angle <x (for example, between 45 to 90 degrees) with respect to a 
sheet extending direction Y of the sheets P held by the hopper portion 10. With this 
structure, the stopper members 12 can effectively regulate the lower edges of the sheets P by 
the regulating surfaces 12a so that the lower edges of the sheets P held by the hopper portion 
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10 do not undesirably move in the sheet feed direction Q from a predetermined sheet holding 
position. A support portion 12b extends downward from the front end of each of the stopper 
members 12. Each support portion 12b is inserted into a support hole 40b, which is provided 
in the front end portion of the sheet separating member 40, so that the stopper members 12 
move in the up and down directions. 

[0059] The stopper members 12 are also supported at their rear end portions so that 
the stopper members 12 can move in the up and down directions. Each of the stopper 
members 12 has two projected portions 12c that project downward in a form of a trapezoid, 
wherein one projected portion 12c is disposed at the front and another projected portion 12c 
is disposed at the rear. Each of the projected portions 12c has an inclined guide surface 12d 
at the front side. Up-and-down moving members 41, extending in the front to rear direction, 
are provided under the respective stopper members 12. Each of the up-and-down moving 
members 41 has front and rear contact portions 41a, which contact the respective inclined 
guide surfaces 12d of the projected portions 12c from below. Each of the up-and-down 
moving members 41 has a reverse U-shaped drive portion 41b at its rear end. 

[0060] As shown in FIG. 3, an up-and-down moving shaft 42, extending in the right 
and left directions, is disposed to the immediate rear of the sheet separating member 40. The 
up-and-down moving shaft 42 is rotatably supported to the bottom plate 21 via support blocks 
43 at several positions. Eccentric portions 42a having a predetermined width are partially 
provided at portions corresponding to the stopper members 12. The drive portions 41b of the 
up-and-down moving members 41 are connected to the respective eccentric portions 42a. As 
the up-and-down moving shaft 42 rotates in the clockwise direction, the eccentric portions 
42a are located at the front position (see FIG. 5) and the contact portions 41a contact the 
inclined guide surfaces 12d, whereby the position of the stopper members 12 is changed to 
the retracted position. 

[0061] When the up-and-down moving shaft 42 further rotates (see FIG. 9) and thus 
the eccentric portions 42a move to a rear position, the position of the stopper members 12 is 
changed to the protruding position via the contact portions 41a of the up-and-down moving 
members 41 and the projected portions 12c of the inclined guide surfaces 12d. Further, when 
the up-and-down moving shaft 42 further rotates and the eccentric portions 42a return to the 
front position (see FIG. 12), the position of the stopper members 12 is changed to the 
retracted position via the contact portions 41a of the up-and-down moving members 41 and 
the projected portions 12c of the inclined guide surfaces 12d. 



11 

[0062] The protruding position is a condition where the upper surfaces (the saw- 
toothed regulating surfaces 12a) of the stopper members 12 project approximately 1 mm from 
the upper surface of the sheet separating member 40. The retracted position is a condition 
where the upper surfaces (the saw-toothed regulating surfaces 12a) of the stopper members 
12 lower approximately 1 mm than the upper surface of the sheet separating member 40. A 
slit 40c, extending in the front to rear direction, is provided between the stopper members 12, 
in the sheet separating member 40. A separating pad 45, which is made of urethane rubber, is 
provided in the slit 40c in order to apply a slide resistance to the sheets P. 

[0063] As shown in FIG. 4, the separating pad 45 is provided to the bottom plate 
21, as a lower edge support portion, with being resiliently supported by a leaf spring member 
44. A plurality of left support portions 44a and right support portions 44b, which 
alternatively protrude inward from respective sides like a comb, resiliently support the 
separating pad 45 such that the left and right support portions 44a, 44b are inserted into the 
separating pad 45. The separating pad 45 slightly protrudes from the upper surface of the 
bottom plate 21 at all times. Accordingly, even when the stopper members 12 are located at 
the retracted position, the movement of the lower edges of the sheets P in the sheet feed 
direction Q is minimized by the slide resistance applied by the separating pad 45. 

[0064] The sheet feed operation mechanism 14 will be described with reference to 
FIGS. 2 and 10. A sheet feed motor 50 is fixed to an outer surface of the right side wall 22. 
Four gears 51 to 54, including a drive gear 51 attached to the sheet feed motor 50, are 
rotatably supported as a drive system, as shown in FIG. 10. A gear 55 engaged with the gear 
54, and a gear 56 engaged with the gear 55 are also rotatably supported to provide a sheet 
feed system. In addition, a gear 58 engages a planet gear 57, and gears 59, 60, are rotatably 
supported as shown in FIG. 10, as an up-and-down moving system for moving the stopper 
members 12. The sheet feed shaft 31 and the up-and-down moving shaft 42 are fixed to the 
gear 56 and the gear 60, respectively. 

[0065] The gears 53, 54 are compound gears. The gear 53 includes a small- 
diameter gear 53a and a large-diameter gear 53b. The gear 54 includes a small-diameter gear 
54a and a large-diameter gear 54b. That is, the gear 52 is engaged with the drive gear 51, the 
large-diameter gear 53b is engaged with the gear 52, and the large-diameter gear 54b is 
engaged with the small-diameter gear 53a. A plate-like swing member 61 is provided 
between the right side wall 22 and the compound gear 54 with its base end being rotationally 
fixed relative to the compound gear 54. The swing member 61 rotatably supports the planet 
gear 57 at its free end. 
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[0066] When the compound gear 54 rotates in the clockwise direction, the swing 
member 61 also swings in the same (clockwise) direction and, thus, the planet gear 57 
engages the gear 58 (see FIG. 10). When the compound gear 54 rotates in the 
counterclockwise direction, the swing member 61 swings in the same (counterclockwise) 
direction and, thus, the planet gear 57 disengages the gear 58 (see FIG. 13). As described 
above, when the sheet feed motor 50 rotates in the counterclockwise direction, that is, in the 
reverse direction, the up-and-down moving shaft 42 rotates in the clockwise direction via the 
gears 57 to 60, as shown in FIG. 10. Thus, the stopper members 12 move up and down. 

[0067] Although the sheet feed shaft 3 1 rotates in the clockwise direction while the 
stopper members 12 move up and down, the sheets P are not fed by the sheet-supply roller 37 
because the planet gear 34 is not in engagement with the following gear 35. As the sheet feed 
motor 50 rotates in the clockwise direction, that is, in a normal direction, from the condition 
shown in FIG. 9, the planet gear 57 disengages the gear 58 (see FIG. 13), so that the stopper 
members 12 do not move up and down. While the stopper members 12 are maintained at the 
retracted position, the sheet feed shaft 3 1 rotates in the counterclockwise direction, so that the 
planet gear 34 engages the following gear 35 to feed the sheets P, one by one, by the sheet- 
supply roller 37 via the gears 34 to 36, as described above. 

[0068] A cam member 62, which has a large-diameter cam portion 62a and a small- 
diameter cam portion 62b, is provided at the outside surface of the gear 60, which is the last 
gear in the up-and-down moving system. A sheet feed switch 63, which outputs an on signal 
and an off signal in accordance with the large-diameter cam portion 62a and the small- 
diameter cam portion 62b, is provided near the cam member 62. That is, when the sheet feed 
switch 63 contacts the small-diameter cam portion 62b from the large-diameter cam portion 
62a, the sheet feed switch 63 outputs an off signal, which means the stopper members 12 
locate at the retracted position. When the sheet feed switch 63 contacts the large-diameter 
cam portion 62a from the small-diameter cam portion 62b, the sheet feed switch 63 outputs 
an on signal, which means the stopper members 12 locate at the protruding position. 

[0069] The sheet position control device 15 will be described with reference to 
FIG. 8. The sheet position control device 15 is a microcomputer that includes a CPU, a 
ROM, a RAM, and an input and output interface (all not shown). The sheet feed motor 50, 
the conveyor motor 65 and the sheet feed switch 63 are electrically connected with the input 
and output interface. Therefore, the sheet feed motor 50 and the conveyor motor 65 are 
controlled by the sheet position control device 15. 
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[0070] A printing unit 70 will be described with reference to FIG. 1 1 . The printing 
unit 70 is disposed downstream of the sheet-supply device 2 in the sheet feed direction Q. 
The printing unit 70 includes a carriage 71, a print head 72 mounted on the carriage 71, and a 
media sensor 73 (corresponding to a detecting unit) provided on the side of the print head 72. 
Although not shown in the drawings, the print head 72 has a plurality of ink-jet nozzles 
aligned in the sheet feed direction Q in accordance with the colors. The media sensor 73 
includes a photosensor having a light-emitting portion and a photoreceptor portion and can 
detect a leading edge and a width of a sheet P fed from the sheet-supply device 2 by 
determining the presence or absence of the sheet P. 

[0071] A leading edge detecting point DP is provided at the position where the 
media sensor 73 is located. A print starting point SP is provided at a position corresponding 
to the upstream end of the print head 72 in the sheet feed direction Q. A reverse feeding 
point RP is provided at a predetermined position downstream of the print head 72 in the sheet 
feed direction Q. That is, when a sheet P is fed to the printing unit 70, the leading edge of the 
sheet P is detected at the leading edge detecting point DP by the media sensor 73. Then, the 
sheet P is further conveyed by a pair of conveyor rollers, i.e. resist rollers 81, in the normal 
direction (sheet feed direction Q) until the leading edge of the sheet P reaches the reverse 
feeding point RP. When the leading edge reaches the reverse feeding point RP, the sheet P is 
conveyed in a reverse direction R, which is a direction reverse to the sheet feed direction Q, 
until a predetermined print start point in a print area of the sheet P aligns with the print 
starting point SP. 

[0072] As the print start point of the sheet P aligns with the print starting point SP, a 
printing operation is performed by the print head 72 by normally conveying the sheet P in the 
sheet feed direction Q from the print starting point SP. However, in a case where a sheet P is 
short in length, such as a postcard, a trailing edge of the sheet P is released from the sheet- 
supply roller 37 when the leading edge of the sheet P reaches the reverse feeding point RP 
through the leading edge detecting point DP, as shown in FIG. 19. 

[0073] Next, the operation of the sheet-supply device 2 will be described with 
reference to FIGS. 9 to 14. As shown in FIG. 9, a stack of sheets P are held by the hopper 
portion 10. In this state, the sheet-supply roller 37 presses a topmost sheet P toward the first 
friction member 27, that is, the inclined wall 20, at all times regardless of the amount of 
sheets loaded on the hopper portion 10. The gears 51 to 60 in the drive system and the sheet 
feed system are at a standstill in a rotation phase shown in FIG. 10. The stopper members 12 
are located at the protruding position. In this state, until the sheet feed operation starts, a 
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moving resistance is applied to the lower edges of the sheets P held in the hopper portion 10 
by the saw-toothed regulating surfaces 12a of the stopper members 12 positioned at the 
protruding position. Accordingly, the sheets P are surely prevented from moving in the sheet 
feed direction Q. 

[0074] Only when the stopper members 12 are positioned at the retracted position is 
a slide resistance applied to the lower edges of the middle areas of the sheets P by the 
separating pad 45. When the sheet feed operation starts, in a case where the sheet feed switch 
63 is in the on state, that is, the stopper members 12 are located at the protruding position, 
first, the sheet position control device 15 rotates the sheet feed motor 50 in the reverse 
direction, as shown in FIG. 10, in order to rotate the up-and-down moving shaft 42 in the 
clockwise direction. By doing so, the stopper members 12 descend to the retracted position 
(FIG. 12). 

[0075] Then, as the sheet feed switch 63 outputs an off signal, the sheet feed motor 
50 stops driving. In this state, the sheet feed motor 50 rotates in the normal direction as 
shown in FIG. 13, so that the sheet feed shaft 31 rotates in the counterclockwise direction. 
Thus, the planet gear 34 engages the following gear 35, thereby rotating the sheet-supply 
roller 37 to feed the topmost sheet P. Because both the stopper members 12 are positioned at 
the retracted position during the sheet feed operation, the topmost sheet P can be smoothly 
fed by the sheet-supply roller 37. During the sheet feed operation, the rest of the sheets P are 
surely prevented from being fed in the sheet feed direction Q by the slide resistance applied 
by the separating pad 45 although the stopper members 12 are positioned at the retracted 
position. 

[0076] As the leading edge of the fed sheet P reaches the resist rollers 81, provided 
in the ink-jet printing device 4, and a deviation of the sheet P is corrected, the sheet feed 
motor 50 stops rotating in the normal direction, thereby temporarily stopping the sheet feed 
operation. After that, the sheet P is conveyed to the ink-jet printing device 4 by the resist 
rollers 81. After the sheet feed motor 50 is stopped rotating and the sheet feed operation is 
completed, as shown in FIG. 15, the sheet feed motor 50 is rotated in the reverse direction 
until the sheet feed switch 63 outputs an on signal, that is, the stopper members 12 reach the 
protruding position. 

[0077] By locating the stopper members 12 at the protruding position, the rest of the 
sheets P are regulated by the regulating surfaces 12a of the stopper members 12 and thus the 
sheets P are prevented from moving (shifting) in the sheet feed direction Q. However, as 
shown in FIG. 16, there may be a case where a sheet P to be fed next and the rest of the 
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sheets P are displaced to some extent in the sheet feed direction Q from the predetermined 
sheet holding position. This situation is likely to cause the multi-feed problem at the next 
sheet feed operation. In order to prevent the multi-feed problem, the sheet position control 
device 15 rotates the sheet feed motor 50 in the reverse direction several times to move the 
stopper members 12 up and down several times in accordance with the movement in the front 
and rear directions of the up-and-down moving members 41 several times. With this 
operation, the lower edges of the sheets P alternatively contact the separating pad 45 and the 
stopper members 12. 

[0078] Because the sheet-supply roller 37 is resiliently urged toward the sheets P, as 
shown in FIG. 17, the sheets P displaced in the sheet feed direction Q are surely positioned at 
the predetermined sheet holding position every time the stopper members 12 are moved up 
and down between the protruding position and the retracted position. Therefore, the multi- 
feed problem can be prevented from occurring at the next sheet feed operation. When the 
amount of remaining sheets P held by the hopper portion 10 is low (for example, two or three 
sheets are left), the multi-feed problem often occurs at the time of feeding a topmost sheet P 
by the sheet-supply roller 37. 

[0079] Because the first friction member 27 is provided at a position near the lower 
end of the inclined wall 20 and corresponding to the sheet-supply roller 37, a high frictional 
resistance is applied to a lowermost sheet P of the stack of sheets P loaded on the hopper 
portion 10. In addition, a frictional resistance occurs between adjacent sheets P of the rest of 
the sheets P, whereby the multi-feed problem is surely prevented and thus only a topmost 
sheet P contacting the sheet-supply roller 37 is fed in this case as well. 

[0080] In a case where a small-sized sheet P, which is short in length, such as a 
postcard, is loaded on the hopper portion 10 and a borderless printing is performed on the 
small sheet P, a leading edge of the small sheet P is released from the sheet-supply roller 37 
when the leading edge of the small sheet P reaches the reverse feeding point RP through the 
leading edge detecting point DP by conveying the sheet P in the sheet feed direction Q. This 
situation occurs because an upper margin of the small sheet P is substantially zero. After the 
leading edge of the sheet P reaches the reverse feeding point RP, the sheet P is fed back in the 
reverse direction R until its print start point aligns with the print starting point SP. The 
frictional resistance between the trailing edge portion of the sheet P and a sheet P to be fed 
next is small, so that the sheet P can be easily fed back over and along the next sheet P. 

[0081] When the sheet P fed from the sheet-supply device 2 is the last one, that is, 
when no more sheets are left on the hopper portion, there is a possibility that the fed sheet P 
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is caught between the sheet-supply roller 37 and the first friction member 27 and being bent 
into a V-shape. However, in this embodiment, the first friction member 27 can slide upward 
from the normal position where the first friction member 27 locates during the sheet feed 
operation, in accordance with the reverse feed operation, as shown in FIG. 20. As a result, a 
friction force against the small sheet P, caused by the sheet-supply roller 37 and the first 
friction member 27, becomes extremely small, so that the trailing edge of the sheet P can 
easily enter between the sheet-supply roller 37 and the first friction member 27. 

[0082] As described above, in accordance with the reverse feed direction, the first 
friction member 27 can slide upstream in the sheet feed direction Q, from the normal 
position, along the inclined wall 20. With this structure, the multi-feed problem is surely 
prevented when the amount of remaining sheets is low. Further, when the borderless printing 
is performed on a small sheet P, the first friction member 27 slides upward in accordance 
with the reverse feed operation, so that the friction force against the small sheet P by the 
sheet-supply roller 37 and the pad portion 27a becomes extremely small. Accordingly, the 
trailing edge of the sheet can easily enter between the sheet-supply roller 37 and the pad 
portion 27a and the reverse feed operation can be stably and precisely performed. 

[0083] Variations of the embodiment of the invention will be described below. The 
same parts are designated by similar reference numerals. 

[0084] The first and second friction members 27, 28 can be made of a material, 
other than corkrubber, having a high coefficient of friction between the friction members 27, 
28 and sheets P. 

[0085] The first and second friction members 27, 28 may be provided at several 
positions on the inclined wall 20 with being symmetrical to each other. 

[0086] The first and second friction members 27, 28 may be replacable with others 
having suitable dimensions (height and width) in accordance with a size and type of sheets to 
be loaded on the hopper portion 10. 

[0087] As shown in FIGS. 21 to 24, a hopper portion 10A may comprise a hopper 
body 10X and a unitary inclined wall 20A. The hopper body 10X includes a bottom plate 
21 A, a lower end 20U of an inclined wall and side walls 22 A, 23 A. The unitary inclined wail 
20A has a pair of guide members 25 A, 26A. A plurality of engaged portions 10a to 10c may 
be provided at a rear end of the hopper portion 10X, and a plurality of engaging portions 20a 
to 20c, which can connect the engaged portions 10a to 10c, respectively, may be provided at 
corresponding positions of the unitary inclined wall 20A. 
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[0088] For the normal sheet feed operation, as shown in FIG. 24, the hopper body 
10X and the unitary inclined wall 20A are integrally connected with each other by engaging 
the engaging portions 20a to 20c of the inclined wall 20A with the engaged portions 10a to 
10c of the hopper body 10X, respectively. Then, a plurality of sheets P are loaded in the 
hopper body 10X and can be fed one by one. For example, when a paper jam occurs by 
which a fed sheet P is caught in a sheet feedpath and, thus, the sheet feed operation is 
stopped, the sheet P can be easily removed from the hopper body 10X, because the unitary 
inclined wall 20A can be removed from the hopper body 10X (see FIG. 24). Accordingly, 
troubleshooting for the paper jam is simplified. 

[0089] In FIG. 24, when a paper jam occurs in the sheet-supply device 2 before a 
sheet P reaches the resist rollers 81, the user pinches and rotates a projection 30a, extending 
upward at the upper end of the case 30, using his/her fingers, in the clockwise direction 
against the force from the coil spring 32 to move the sheet-supply roller 37 away from the 
sheet P. By doing so, the jammed sheet P can be easily removed from the sheet-supply 
device 2 from the rear. 

[0090] Although the invention has been described in detail with reference to a 
specific embodiment thereof, it would be apparent to those skilled in the art that various 
changes, arrangements and modifications may be applied therein without departing from the 
spirit and scope of the invention. For example, the invention can be applied to various sheet- 
supply devices provided in, for example, recording apparatuses and copying apparatuses. 



